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Abstract 

Objective: Peri-implantitis is one of the most common reasons for implant fail- 
ure. Decontamination of infected implant surfaces can be achieved effectively by 
laser irradiation; although the associated thermal rise may cause irreversible bone 
damage and lead to implant loss. Temperature increments of over 10°C during la- 
ser application may suffice for irreversible bone damage. 

Purpose of Study: The purpose of this study was to evaluate the temperature in- 
crement of implant surface during Er:YAG laser irradiation with different cooling 
systems. 

Materials and Methods: Three implants were placed in a resected block of sheep 
mandible and irradiated with Er:YAG laser with 3 different cooling systems 
namely water and air spray, air spray alone and no water or air spray. Temperature 
changes of the implant surface were monitored during laser irradiation with a K- 
type thermocouple at the apical area of the fixture. 

Results: In all 3 groups, the maximum temperature rise was lower than 1CPC. 
Temperature changes were significantly different with different cooling systems 
used (P<0.001). 

Conclusion: Based on the results, no thermal damage was observed during im- 
plant surface decontamination by Er:YAG laser with and without refrigeration. 
Thus, Er:YAG laser irradiation can be a safe method for treatment of peri- 
implantitis. 
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INTRODUCTION 

In the recent years, dental implants have be- 
come an important part of oral rehabilitation. 
Due to technological and technical advance- 
ments in the past decades, dental implant suc- 
cess rate has reached 90% and higher [1, 2]. 



However, successfully integrated implants are 
at risk of peri-implantitis. Peri-implantitis re- 
fers to the inflammatory disease of the peri- 
implant tissues leading to bone loss. If not 
treated or controlled, progressive bone loss 
may eventually lead to infected implant loss 
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[3]. At the early stages of disease, the inflam- 
matory response to colonization and formation 
of microbial plaque is limited to the soft tis- 
sues around the implant called peri-implant 
mucositis. Peri-implantitis is defined as an in- 
flammatory process affecting the implant's 
supporting bone [4, 5]. By the growing popu- 
larity of dental implants the prevalence of pe- 
ri-implantitis has increased as well [6]. The 
basics of peri-implantitis treatment include 
elimination of inflammation by removing cal- 
culus and granulation tissue and decontamina- 
tion of implant surface without modifying the 
surface structure [7]. Although treatment op- 
tions such as mechanical debridement, use of 
local antiseptic agents, systemic and local an- 
tibiotics and surgical procedures for elimina- 
tion of inflammation in the peri-implant tis- 
sues have been reported in the literature, there 
is no standard treatment for this condition [8]. 
Surgical treatment may be indicated in cases 
with severe bone loss and pocket depth greater 
than 5 mm [9]. Decontamination of implant 
surface without damaging it is a prerequisite 
for regeneration treatments [10]. Mechanical 
methods alone cannot eliminate all the patho- 
gens on rough surfaces and adjunctive use of 
antimicrobial agents has been recommended to 
boost the decontamination efficacy of mechan- 
ical methods [11]. A new technique for im- 
plant surface decontamination is the use of 
laser energy with reportedly positive results 
[12, 13]. Fast healing, ease of use, bactericidal 
effect, effective ablation, hemostatic ability 
and adaptation with irregular implant surface 
are the main advantages of laser beam for 
treatment of peri-implantitis [14, 15, 16]. One 
major side effect of laser application on metal 
objects inserted in vital bone is the associated 
thermal increase. Eriksson et al. demonstrated 
that 10°C temperature increase maintained for 
60 seconds caused permanent damage to bone 
tissue [17]. In order to prevent thermal dam- 
age during laser irradiation on implant surfac- 
es, suitable wavelength and parameters should 
be used. 
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One of the best laser systems for decontamina- 
tion of implant surfaces is Er:YAG laser with 
2.94 urn wavelength. 

Due to its high absorbability in water and ef- 
fective ablation of hard tissue, Er:YAG is 
among the most widely used laser systems in 
dentistry [18]. In comparison with 
Er;Cr:YSGG laser, Er:YAG has three times 
higher absorption in water. Studies have 
shown that Er:YAG irradiation at lOOmJ/pulse 
and lOpps for 60 seconds was safe for use on 
implant surfaces and no microscopic changes 
occurred in surface structures. Using these pa- 
rameters, bacterial load on HA implant surface 
decreased by up to 98% and adequate surface 
detoxification was achieved. Alternations in 
surface characteristics have been reported with 
energies exceeding 140-180 ml/pulse [19]. 
Er:YAG laser can remove calculus and bacte- 
rial plaque on the implant surface with suitable 
power setting with no damage to the texture of 
titanium implant surfaces [20]. The ad- 
vantages of Er: YAG laser such as its high bac- 
tericidal effect and excellent tissue ablation 
have been shown in previous studies [21, 22, 
23]. With appropriate irradiation parameters, 
this laser may be used for therapeutic purpos- 
es. The purpose of the present study was to 
evaluate and compare the temperature increase 
during Er:YAG irradiation with air-water, air 
cooling system and without refrigeration. 

MATERIALS AND METHODS 

Three super RBM surface implants (EZ Plus™ 
Internal fixture, MEGAGEN, Korea) were 
placed in a freshly resected block of sheep 
mandible using the standard surgical proce- 
dure. For simulating a typical lesion of peri- 
implantitis and access to laser irradiation, a 
2x6 mm vertical lesion was prepared at the 
buccal of each implant. In the apical third of 
each implant, a lxl mm hole was drilled to 
accommodate the thermocouple. A K-type 
digital thermocouple (NX4 K Type, 
HANYOUNG, Incheon, Korea) with 1mm 
diameter contact tip and error rate of 0.5% was 
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Fig 1. The error bar and 95% confidence interval diagram of temperature changes 



used for recording temperature changes during 
laser irradiation. NX EV 1.1.0 (HANYOUNG, 
Incheon, Korea) software with the ability to 
record the temperature at one- second intervals 
was used to draw a graph simultaneously. 
The specimens were placed in a water bath at 
37°C.Er:YAG laser (2940D Plus, DEKA™, 
Italy) with a wavelength of 2.94um, an energy 
output of 100 mJ/pulse, repetition rates of 
lOpps and pulse duration of 230jis delivered 
with a non-contact handpiece (4mm above the 
surface) was used for 60 seconds. 
The power setting and the irradiation process 
were similar to the typical decontamination 
procedure of periodontal pockets and peri- 
implantitis lesions successfully used in clinical 
studies [24, 25]. The experiments were per- 
formed in three conditions: with air- water re- 
frigeration system (group 1), with air-cooling 
(group 2) and without the cooling system 
(group 3). The temperature changes were rec- 
orded 10 times at each irradiation condition. 



After each irradiation, the sample was allowed 
to cool-down to initial temperature (37°C). 
The data were analyzed by one-way ANOVA. 

RESULTS 

The mean+ SD values of group 1, group 2 and 
group 3 were -4.43 + 0.39, -3.20 + 0.30 and 
4.30 + 0.57, respectively. Based on the results 
of this study, temperature changes between 
different Er:YAG laser cooling conditions 
were significant (P<0.001). The error bar and 
95% confidence interval diagram of the results 
are shown in Figure 

DISCUSSION 

The main goal in treatment of peri-implantitis 
is the elimination of inflammation that leads to 
bone loss. To achieve this outcome, elimina- 
tion of bacterial plaque and deposits and re- 
moval of inflammatory tissue at the site of pe- 
ri-implantitis are necessary. Considering the 
inadequacy of conventional methods and 
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shortcomings namely potential damage of im- 
plant surface and compromising the healing 
process at the bone-implant interface, use of 
laser as an alternative method for treatment of 
peri-implantitis has increased. Use of EnYAG 
laser is recommended because of its decon- 
tamination and degranulation ability on infect- 
ed implant surfaces. Clinical research support- 
ed the use of EnYAG laser for treatment of 
peri-implantitis [26, 27]. However, for use in 
the clinical setting, the thermal effects of la- 
sers must be considered. A bone temperature 
rise of over 47°C for one minute can cause ir- 
reversible bone damage [28]. 
The purpose of this study was to evaluate and 
compare the temperature increment of implant 
surface during Er:YAG laser irradiation with 
different cooling systems. In this study, we 
simulated the clinical decontamination process 
used for treatment of peri-implantitis. The pro- 
tocol applied in this study was similar to the 
clinical setting. In this study, the mandible of 
sheep was used as the model with density, 
bone marrow and heat conduction properties 
similar to those of human mandible. In all 
groups, the temperature rise was not high 
enough to damage the adjacent bone. Alt- 
hough the use of Er;YAG was safe without 
refrigeration, a 4.30°C increase in tempera- 
ture was observed; while the use of air and air- 
water refrigeration eliminated the risk of pos- 
sible thermal damage. Kreisler et al. reported 
that temperature elevation did not exceed 
47°C after 120s of Er:YAG laser irradiation 
with a pulse energy between 60 and 120 mJ 
and frequency of 10 Hz [29]. In agreement 
with our results, Gomez-Santos et al. evaluat- 
ed temperature changes during irradiation with 
Er;Cr:YSGG laser system with and without 
refrigeration. The mean temperature rise in the 
group without cooling system was 5.02°C; 
however, when laser irradiation was accompa- 
nied by water spray a decrease in temperature 
was reported [30] . In contrast, Geminiani et al. 
showed that the application of C02 and 
Er:YAG lasers in continuous mode for 10 sec- 
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onds generated high temperature above the 
critical threshold [31]. Also, Leja et al, as- 
sessing temperature rise after using diode, 
C02 and Er:YAG lasers on dental implants 
concluded that irradiation for 18 seconds in- 
creased the temperature by up to 10°C [32]. 
More studies are needed to evaluate thermal 
changes on different implant surfaces after 
laser irradiation to find the appropriate proto- 
col for safe use in the clinical setting. 

CONCLUSION 

The findings of the present in- vitro study sug- 
gested that the heat generated by the applica- 
tion of EnYAG laser with and without refrig- 
eration is not high enough to compromise the 
integrity of the peri-implant bone. Further 
studies are required to assess the bactericidal 
effects of laser and possible associated implant 
surface structural damage. 
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